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Bioad Specificity Affinity Arrays: 

r^-nnio* Sample Discrimination 
Qualitative Approach to Complex Samp 



Summary of the Invention 
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In one embodiment of the jnvemion; aniys of lectins are used in combinat.on with neural 
network analysis as a diagnostic tool to discriminate complex samples. ' such as serum 
samples Lectins are immobilized onto discrete areas in an array onto planar gold coated 
surfaces using empirically developed high density immobilization ' protocols This 
embodiment of the invention takes advantage of the ' abihty of lectins to recognize 
sacchandes. oligosaccharides and other as yet unknown ligands both natural and synthetic 
wh,ch have an affinity for lectins, free or attached to ' protems (glycoproteins); lipids 
(glycohp.ds) and other biomolecules The ubiquitous presence of carbohydrates in all living 
organ,sms provides a near.y universal means for identification of complex bioiouical ' 
samples The complex biosynthe.ic pathways used to synthesize these carbohydrates are' 
ef.ec.ed by subtle changes in their environment These changes lead to a series of complex ' " 
global mod,f,cat,ons in the composition and thereby the structure of the carbohydrates 
This invention fakes advantage of this diversity in order to increase ihe afnount" of 
mformauon that, can be obtained, instead cf quantitating the exact amountof a particular 
compound that has J>ound , to a specific lectin as is routinely done in cOnvennonai 
d.agnost.cs The use of arrays of lectins enables the , identification, of globali'chanaes in- 
complex samples, thereby allowing discrimination, ,We assume many different sdbsranees 
w,th a .wide range of afli^ies.for. * •pani«Uarrse^^^e^,are.xo mpeti „«. f<srthe ., * 
recogn,t,on sites on the lectins An additional object of the mvem,on « the abihty. of :he^ 
assay strategy to take advantage of as yet unidentified recognition , capabiht.es present^ 
b,omolecu.es These unidentified recognition elements , will provide informal that allow v, 
the donation of samples with unprecedented accuracy and presently not possible witli- 
any .other, d.agnostic- assays strategy- Tins ^ complex :i„ t erp.ay !p n>vid e s a ^ wealth of data 
wh.ch^due to the ..rapid .development; in computer, technology and Signal processing 
«echn lfl ues. can be rapidly ..analysed Moreover, the ability , of sensing elemem-aVravs wii. 
grow, dramatically as more biomolecules- are tested- in , the assay, and thei, unknown 
recogpition/unctions become evident- c ; . : ■ • ; . : 

" • ** eiiipsofek " The respond obtained fr„ m IllKe ' 
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experiments were used to train the artificial neural network Using appropriate 
normalization methods, the resulting trained network was able to discriminate ali of the 
serum samples The assay shows the utility of the invention for the general identification of 
complex bioiogicar material Another application ' of' the lectin affinity array was for the ; 
discrimination of "healthy" and "sick" individuals ( humans) these experiments show, that 
even subtle changes in serum composition such as those associated with mild bacterial 
infections can be identified (using artificial neural networks with appropriate normalization). 
In these experiments, the substance(s) bound to the lectins were quantitated using the SPR 
detection principle This shows that sample discrimination is not dependent upon a 
particular nonlabel technique but is universally applicable to any detector that is capable .of 
unloosing substances bound to' the sensing elements in nonlabel modes. ( , 



Background of the Invention 

Chemical sensor arrays can be used to identify and classify complex gas mixtures or odors 

15 (Shurmer, H V ., .An electronic nose: A sensitive ^and discriminating substitute for a 
mammalian olfactory system; -lEEB proc. «©o 137^1 97-204. 1990 ; Gardner. J W and 
BarMett,=PN <2c!s). Sensors and-Sehsory Systems for an Electronic Nose. Proe NATO 
Advances Research Workshop. Reykjavik, «1 992 ) ^Chemical sensors are in general non- 
spec-ticv.but; have 'different selectivity patterns 1 towards the species in the odor More 

2ii specifically, it has beenr demonstrated how lairge sensing surfaces consisting of different 
catalytic, metals in< metal r oxide - sehticdnductof field effect structures can -be used together 
with an optical evaluation: technique to "obtain- visually, identifiable images Of odors (V 
Lundstrom. R; Brjandsson;- U. Frykman; 'E.'Hedborgj:*. Spetz, H Suhdgren; S! Welin. arid 
F W,in.quisUr: Artificial >, 'olfactory-'.; images. Trom a lchemical sensor using f| a light-pulse' 

25 technique ^Nature,: 3&2, , 47^50; 199l> ! It is* important to? note r that this 5 increased 
informational content- is derived from the (continuous)- varying selectivity prbfife >: ai6h| the 
sensing surface for the sensor array No discrete recognition elements are known io exist! 
Different pattern recognition methods based on. statistical approaches or, artificial ; neura! 
networks can be used to evaluate the signal patterns from these sensors The. devices have 

30 been used to analyze a variety of food stuffs (WinquistJ Hornsten, E.G., Sundcren, H. 
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and Lundstrom, I Performance of an electronic nose for quality estimation of ground meat,, 

Meas.Sci Technol 4, 1493.1500, 1993 ; ? Winquisf; F!' Hornsten; G\ Holmberg, Mr. Nilsson- . 

\ : ...... r . ... # ( ^ t 

L And Lundstrom, I. classification of- bacteria usmg a ^ simplified censor array *and neural 

J "\ ' - ] ' : /] >< "■ : • * „.,,. . - • 

nets , submitted) 

* : ' ' ' /Xi - : '' ;! »"?f • ./ j • ■ . . • . 

5 New sensor concept. The analouy between these sensors and that" of biological sensing 

systems, ..such as the. olfacton/ system, has been conceptually important in driving the 

development of this technology The basis for the human olfactory sense is that a signal 

pattern is generated from the receptors cells in the olfactory bulb The receptor cells are riot 

specific for a particular molecules, but rather belong to different selectivity classes * The 

lo basis for olfaction (smell) appears to combine the 1 signals obtained from- each of. the low ; 
specificity receptor classes The combinatorial effect 5 that resuitsTeacte to an increase in the * 
discriminatory ability of the system (despite the relatively shiaH'number of receptor classes) r ; 
The chemical sensing elements tan recognize' odors ibut' lack the discrete recognition 
capabilities that biomolecules and synthetic biomimetic molecules possess As noted, 

15 chemical sensors use continuous gradients and other -approaches as recognition elements?., 
and are not discrete Nature uses discrete identifiable Sensing Elements which have evolved / 
recognition capabilities in a biological' context % Orie j ^ object : of the: invention is to> apply : 
discrete biosensing elements in a fashion that'- increases the ^-informational ^content of the 
diagnostic assay This would require the employment of^'a^bibmdleculc^ :with;i)road ^ 

20 recognition characteristics which would normally be considered' tco s ill-defined' to be useful r 
in conventional diagnostics The ; specificity must be chosen sp.. as to ojht^m ade^^ 
broaij binding (higK -Informational Content) but mot , so ' much as 4o make 4iff^rentiatiq „ 
between specific and nonspecific binding impossible, i.e adequate signal tp noise ratio At ; 
the: strive Hrrie/ biological sensing elefrtents musfchavc : well>defiped binding characteristics ^ 

25 that' ai J e' appropriate' for -this assay strategy: >vj. •■*>:■• ... \ . . . ' » ; , . ... . v * 

The invention described here involves the development of a new assay strategy for complex 
sample discrimination using arrays of bioreco^nitibn - elements that is far more 
informationally rich than conventional ^assays >4 ^Xriother object 6P this inventiori'is to reduce* 
the number of tests that must be performed before a diagndsis' J, cari be made^ : thereby 
M) reducing the time required to start treatment as well as the cost 'Unlike'standard diagnostic 
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tesu.whidrtdtfed known comppunds highly specifically, we detect the binding of unknown 
compounds to the lectins M .Thus. the. new. assay strategy requires the employment of 
specialised nonlabel-based. detection techniques, including but not limited to quartz crystal 
microbalances and optical techniques such as optoaucost.es. reflec.ometry. ellipsometry and 
5 surface plasmon resonance (SPR) All of the methods that are based on polarized light 
reflected off a solid surface have already proven valuable for thickness determination of 
proteins on solid surfaces! The sensitivity of the methods are about the same, which is cn- 
tlie order of a few angstroms. 

Humeri s<n::in K e/emen/s. Proteins havf. the ability to combine specifically and reversitly 
( , with a variety of. ligands ., -Enzymes for example bind substrates and inhibitors while 
antibod.es can be. produced which b.nd.a variety of antigens such as carbohydrates, proteins, 
and small molecules , Another ch:ss of proteins, lectins, have the ability to bind sugars and 
are devoid of enzymatic activity. Receptors bind a wide range of ligands with high affinity 
and specificity Nature evolves and maintains proteins for specific purposes with adequate 
, 5 affinity and specificity, for a, particular purpose.., Thus, the employment of biological or 
synthetic biomimetie. sensing elements^ the most appropriate approach for identifying 
change, that,are.of t bio.logical significance. ,We have chosen to test the biosensing affinity 
arrays invention described .here.using ^lectins , We shall. describe lectins and give several 
advantages- thisyda. S s,o(^ proteins ;has,o^er...the more commonly used immune-based 
20 diagnostics in the application of thi.s-inventipn ,. . 

/^^••-A^m?' wWito>W#»entx' - As mentioned previously, lectins bind 
carhop (Lectins as molecules- and. as toqls v 

Lis? f r 'Arid 'Sha'ron; ' N. a^v /fl*. ..^?... : 1?*6; , Advances in Lectin 

Hiscmv Vol i. Ffanzi l^ Ed=! Springer-Verlag, Berhn-l87p P ,. 1 987) Lect.ns also have 
25 the capability to agglutinate cells, precipitating polysaccharides and glycoprotems and are of 
nonimmune origin This \s due to the, fact that they, are oligomeric in structure, usually 
containing one sugar binding, site per subunit;. ,ln. this respect, lectins have agglutinating 
abilities similar,^ those of antibodies, ,They : also. can be .inhibited by low molecular weight 
compounds: which in tire case pf lectins are small, carbohydrates, such as monosaccharide, 
30 oligosaccharides or mact omoleculeswhi.ch contain them 
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First, lectins provide a broad spectrum of well defined binding specificities with a high : '' 
degree of cross reactivities as compared for example witfi antibodies and enzymes 
Furthermore, they' are stable and have a" wide 'range of affinities, arid specificities In 
additioii/ over one hundred lectins have been; characterized It now appears, that lectins 

5 mediate a variety of cellular interactions 1 ' during development ..and in the adult animal 
(Drickamerl K And Taylor/ M E Biology of Animal Lectins Anmu Rev Cell Bio! 9:237- 
64, 1993)'. Thi<i is supported by data which Shows :that lectin expression patterns change, 
throughout development and in response r to a wide range ,of environmental changes 
[Varki.A Biological roles of oligosaccharides: all, of the theories are correct, Glycobiology, 

lo 3:97-130. 1993.]. T?he involvement o!J : oligosaccharides jn selectin-mediated. cell-cell 
recognition by the. immune: system in response to. inflaqimat ion [Lasky, L A. Selectins 
interpreters of celb specific carbohydrate information during inflammation. Science 258:964- 
969, 1992 and sperm-cell recognition during fert!lization c [Miller, D.J., Macek, M B., Shur, 
B D Complementarity between sperm surface bl,4-galactosyltransferase and egg coat ZP3 

15 mediates sperm-egg binding Nature;3 : 57:589-5,93, j 992) ^re but, a few examples It is also 
known that* modifying the; expression of glycpsides and glycosyltransfcrases interferes with 
normal development However,; it has gnot been ..possible, to ^ define, the individual 
contributions of individual monosaccharides residues and oligosaccharide chains to stagc- 
specific and tissue-specific developmental processes 

2(> An object of this invention is the ability of the assay strategy to discriminate complex 

""" v ' '' • , ' ^' •«! .-::■« 1L<-' ;.: yv t . it j. 

samples; which could be used lo delineate .complex basic developmental processes. 

Second, tKe study of lectins is intimately liftked to thatiof carbohydrates and is referred toras . 
glycdfifdloify^ Biology. Chapman and. Hall,: , 

London and New Yofk?95pp; : 1 9^3):- Glycosylation is used extensively in nature for aiwide 
25 range of purposes some general, such &s protease protection; seme directed to particular . j; 
classes of proteins! such as signaling nVechanism for clearance of proteins from serum and v.- 
some -highly! specific, such as cdl,adh^ion,j ; . Carbohydrates ?iiso act as control mechanisms, 
as signals for cellular localization, for specific, cell surface recognition of one cell tvpe by 
another, for clearance of a particular glycoform from serum, assist in protein folding 
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possibly, by providing protection. auainst. proteolysis (Pareth, R.B. .Effects of glycosylation 
on protein .function. Curr. Opin. S ( tracl. Bjpl. 1:750-54,1991). ,-,,..*,„-. . ,,,.„.. . 
Carbohydrates' contain a-potential- informational content several .orders, of: magnitude greater 
than any other biological oligomer For example, if one, calculates the number of possible 
structures for a hexamer of sugars and that of a hexamer of amino acids, the figure is >1.05 
x I0' 2 and 4.6'x 1 0 4 ; The difference is more than seven orders of magnitude Accordingly, 
sugars clearly provide the largest single source of diversity in the biological world-(Laine, 
R A Invited Commentary in Glyco- Forum section Glycobiology 1 994 8, 759 r 767). 
Lectins have also beeh shown to be important in defence against a variety of pathogens. 
The mannose binding lectins in animals mediates antibody-independent binding of pathogens 
which contain a high concentration of manriose on their, su. face The£,c monosaccharides 
are no.' generally found in terminal positions on serum o.- cell surface glycoproteins in 
mammalian systems The recognition event can initiate the complement cascade [Ikeda. K, 
Sannoh T . Kawasaki. T And YamasHima, 1. (1987) *]:* Biol Chem . 262. 7451-74541 
Plant lectins have also been Implicated in attachmeni of symbiotic nitrogen fixing bacteria to 
the roots of leguminous plants and int eh protection of plants against funga' pathogens 
(Bohlodl. B B" and Schmidt. E L (1974) Science 1 85:269171)' 

Third! numerous pathogens use carbohydrate-lectin interactions in order to gain entry into 
their hosts For example, bacteria and intestinal parasites! such as amoeba, mediate the 
sugar specific adherence of the organisms to epithelial' cells and thus facilitate infection 
(Liener. I E . Sharon.' N" ! Goldste.h. 1 J eds (1936V The Lectins Properties, functions an* 
applicai.ons in bioiogy and medici.te. New York: /xademic ) ,. Viruses, such as influenza, 
virus -(myxovims)- and Sendia Jvinis (paramyxovirus) use a haemagglutonin protein that 
binds sialic -acid, containing receptors, on the surface, of target cells to initiate the virus : cel!. 
interaction (Paulssori. I C Interaction of anima! viruses wrth cell stirface. receptors in; Th? 
Receptors (Vol 2) (ed P IV Conn). Academic Press, New York, pp. 13 1-2.19. 1985) 
Another object of the invention is to study the pat h'egenesis of diseases" that use 
carbohydrates of lectins in order to gain entry ihto cieik 
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Carbohydrate binding proteins such as selectins are believed to play a critical role in Immune ^' 
responses including inflammation (Springer, et al 1991 Nature 349: 196-197; Philips, et aL 
1990 Science 250: 1 }\0-32 ' Specific Carbohydrate ligands have been identified and have 
been Used to control inflammation! immunosuppression; etc through . their interaction. with 
5 selectin proteins' and/or bther ' lectins (Gaeta- et ? al US patent application .Ser. .No 
07/531851; filed 15' Jim 1990; IftMto/et alr ; US patent application Ser No. 07/839 ; 017; , 
filed 26 May 1992) Other glycoproteins have aiso'becn shown to be useful in suppressing 
mammalian immune responses (Smith et al US patent application Ser . No: 07/956,043 V 
filed 2 Oct 1992') : ' ' ' ,; -- r - • ■■ f *- 'J- , 

in Another object of the invention is to use the assay strategy in order to delineating the more 
subtle recognition functions of lectins, including but not limited to selectin and btiier lectins. 
in immune and inflammatory responses 

Fourth* the wide distribution of and ready availability of large numbers of sugars and sunar 
binding proteins .combined with their ubiquity throughout nature, has led to their extensive 
15 use as reagents for studying carbohydrates in sglu^ion and on cell surfaces They were 
originally used for blood typing (Lis and Sharon), for the identification and separation of 
cells (Sharon, N 1983 Adv. Immunol 34:213-98) 

reagents for the detection of glycoproteins separated on gels, either directly of "aiftcr blotting 1 
(Rohrinucr. R., liolden. D W \9%5%KiLlffoclfe immbbili^d"l^rins } are ° 

20 routinely used for isolating glycoproteins such as the insulin receptor (Hedo; J. A , Harrison, 



LC, Roth, J 1981 Biochemistry 20:3385-93) and the' many others proteins' ' Lectins have 

u — - : " J ~ t -~ ' *- - n - " — J '~ — ^-—er/V: Sharon; ' ; 

Biol Kerjrcid: i 



been vyidely used to separate cells such as thymocytes and splenocytes (Reisner, Y\ Sharon, ; 
N 1984 Methods Enzymol 108:168-79; Maekawa, M', Nishimune, Y 1985 Bio 



32:419-25.) Numerous bacteria have been typed using lectins (Doyle, R J.; Keller; K F 
25 1984 Can. ./. Microbiol. 3:4-9; DeLucca, A.J II 1984 ~ : ciih MicrobioL i:rtOQ%y ' 
Primates can be diftercntiated from non-primates 'by -the presence of specific^ sugar residues ■ 
[Spifa'Rti'antfBlioyroo, V.D^feyj; Biol. Chem 1 259, 98'58-9866; Galili. U . Shohel, ' 
S B:, kbbri'n" Ekobrih/ 1£.. Stults, •C.£ t .lWr i ahd'*Wa6h»v B.Ac (1988) J,. Biol - ehem \ 263.; u 
17755-17762'- These applications afe strictly dependent upon the ability of a particular 
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lectin to specifically identify a carbohydrate attached either to a soluble biomolecule or to a 
cell or .organelle... ., ... _ • ....... :.. , ,.} ... 

Fifth.- most cells, have a - coaling of carbohydrate chains, in Ihe ; form, of membrane 
glycoproteins and glycoiipids (in eukr.ryotes) or of polysaccharides (in prokaryotes), In 

5 eukaryotes. the eel! .type and environmental factors, such as glucose concentration, play a . 
major- ro«e in determining the extent and type; of glycosyjation. which is both spec.es and. . 
tissue specific. (Parekh.,R B.; Dwek. R A . Thomas, J R , Opdenakker, G. Rademacher. 
TW*:fl989) Biochemistry 28^.7644-7662; Goochee, C.F. and Monica, T (1990) 
Bio/Technology 8, 421-427) In addition, each individual enzymatic reaction may. or may 

in not go to completion, giving rise to glycoforms or glycosylated variants of the protein 
(Rademachci. et a) Ann ' Rev Biocehni , 1988 57:789-838) These factors give rise to the 
enormous heterogeneity of carbohydrate structures found in vivo that has hindered their 
analysis However, in some instances the relative concentration of the different forms have 
been shown to var^ in specific ways in certain health and disease states' For example This 

15 also explains why glycosylation patterns of natural glycoproteins may be influenced by 
physiological change's suc^i as pregnancy Snd also disuses such as rheumatoid arthritis 

In addition, it is known flv*U he X^"^' 0 ",^ 1 ^.^^^! nionosaccharides and CRDs 
is tooAyeak tp account for the afnitjwthat lectins have for glycoproteins The oligomeric 
lectins (multiyalcntljClusters the. carbohydrate, recognition domains (CRDs) which increases 
20 both ite,s^ic(tya.n^|he fi %ity s for.m«h^lied oligosaccharides While these effects 
are jTot- well ^ 

Thus, ^s^io addi^n^ : p ? ranj^ f cr ^|»^«»«!^ -^^^H^ i^*^^ 

informational content of the assay.', *.' This would Indicate that lectins could be'usefol 
followinu changes, in the overall state, of complex biological samples This wealth of 
25 diversity provides a.nearlY unlimited range of ( senspr elements from which to choose 

It is,believed..that the mult. valency ofjtecftn?. #r\^^ d 9 t ?M s - im P ort ant & "iNf. 
biological activity - ;; Thus. .an ;object of the. invention, woujd be, the application of density 
gradients oHeetms on 'surfaces in continuosiand discontinuous., as well as homogeneous 
and heterogeneous formats for sample discrimination . This would provide a unique tool for 
3« gaining a basic understanding of the effect of binding site density on the recognition 
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process Methods arc available to those skilled in the art for adapting reflect ometry,*; I 
eliipsometry or SPR for scanning and imaging Codes' This also would provide an , 
additional assay parameter, thus increasing the informational content of the lectin affinity 
arrays and thereby improving their ability to discriminate complex samples , 

5 Diagnostic assays strategies. Immunoassay based diagnostics' currently predominate the 
market, nevertheless, lectins' provide some advantages over "conventional immunoassays 
Lectins are present in most life forms and more importantly they are found in life forms such • 
as plants, microorganisms and viruses, which do riot synthesize immunoglobulin Clearly 
the biological function(s) of lectins precedes that of the immune system, many of which are c 

in unknown at present ' Thus, these sensing elements, will bp, more useful for i^entiftcatipn?aiid, 
classification purposes The extensive homologies observed bet-w^n different classes pf., 
lectins demonstrate that these proteins^ have b©$n ^ conserved throughput , ^yoluttqn^ and 
provide strong evidence that they have important ftjnction(s) in biology . Another difference 
is that lectins are structurally diverse whereas antibodies are structurally . similar . , T his ; 

15 structural diversity would result in a corresponding diversity; of stabilities (that, w^ 
increase the flexibility of the Way formats (antibodies rtends to denature, .under similar 
conditions due to their structural similarity) Thus, lectins combine the multivalency^ of ... 
antibodies , with the structural diversity of enzymes Other proteins which bind 
carbohydrates also exist such as those that participate in carbohydrate metabolism and sugar 

2() transport In^general. these ? prot<?in$. only bind. o/ie carbohydrate and serve quite different 
purposes than lectins itt <. ; ■ ... . , . 4 

The detection of specified antigens, haptens and theiUMj^bstances tn.bpdily fluids, sych as. 
bloody serum, sputum, urine, arid: the like is 1 of c^tt^liimpo^anc?. in .bpth research and 
clinical envirohtnents* The 'detection of such ligands can- often be. .correlate^ to f variops. 

25 disease states and consequently, is of great, importance, in diagnosis and i ,fpr { gaining a basic |. 
underetandiim .concerning the genesis of disease, as well as for monitoring the efficacy of 
therapeutic, treatments. .The large, ,a^ to diagnose and treat diseases 

has lead to an explosive increase-in demand for. diagnostic testing And while the cost per 
assay has been reduced,. the. number of tests that arc performed has increased dramatically 

30 This is in part due to the increasing number of tests that are available and in part due to the 
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I" 



need medical, practiticjnejs have to be able, to justify their actions in the event that legal 
action (malpractice suits) should be taken against them. . ■>-.' ■ 

Accordingly, improved methods for detecting iigsnds in aqueous, sample, are constantly, 
being sought. In particular; such preferred methods or assays are those that are ; faster, more 
flexibility, simpler to perform and.manutacture. as well as having low manufacturing costs 
In addition, there is an increasing need for strategies that will reduce the time necessary to 
develop diagnostic assays, for such agents as HIV and Bovine Spongiform Encephalitis 
(BSE) Increasing health.cpsts require , the. development of new, rapid, and more effective 
diagnostic strategics-, . - », <■ ■■■ . ... ■ ••' • 

In general. imhiunoaSsays aVe based upon the immunological react .on between proteins such 
as antibodies, antibody fragments, Or even artificially generated element? simulating 
antibody binding sites suc!i : as peptides: templuted polymer and the like (hereafter referred 
to as antibody 'VeSc^mtionf-'and ? the'"s»ance for which they ?rc specific, the ligand 
Immunological reactions are characterized by their high specif-city and accordingly, 
15 numerous schemes have been developed m order to take advantage of this characteristic 
The goal is to identify a particular ^stateUvith absolute specificity using as few- assays as 
possible 

In the traditional heterogeneous forward assay, an antibody is immobilized on a solid phase 
such as m,i^ ™e sample is then" contacted 

2i. with the immobilized antibody and the ligand binds if present in the sample The bound 
substance .s dejected and quantitated by an entity associated directly or indirectly therewith 
Such" deiectabie entity include - fluorescent -molecule?, cheir.-luinincscem molecules; 
enzymc..iscitopes;micr6partic.cs^ like, 'l Many variants have been developed such, as, 
competitidnfindirect competition? and the like Various methods are available to. those, 
25 skilled in the art for quaiititatirig the ariiount^of substance bound using these .as5.ays . : -„, 
In addition to immimoassays, other diagnostic assays are available based upon the sssas-' 
demand for absolute specificity using wide' range orrtecoghition elements such as prote^s 
(lectins, receptors, and the like), nucleic acids, carbohydrates, lipids and/or 
synthetic/engineered biomimetic compounds and^tie like A wide langc of basic techniques 
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have also been developed including but not limited to microscopy, chromatography and ' 

electrophoresis in order to specifically identify diseases. 

■*:»•. >: .* / : . • v r». o - ' ■-■.« i( . 

It is an object of this invention to provide an assay strategy for sample discrimination which 
relies upon an array of sensing elements with low specificity in order to increase the 

5 informational content of the diaunostic assay The assay strategy is capable of 
discriminating subtle changes and thus allows early identification of changes in the state of 
health that can be of crucial importance In some instances, the sensing elements Used in 
conventional assays will be applicable. However, in mosl instances the specificity of these 
reagents will be too high to allow their use Accordingly, new screening procedures will be 

M) developed in order to isolated reagents with appropriate combination of' affinities and ' 
specificities and is an object of this invention; as well/ ' ' - ^ 

The assay strategy can be extended to a wide range of applications that require complex 
sample discrimination including but not limited to identification of diseases, identification of 
changes caused by the disease itself in the host (including but not limited tb human, animal, 

15 plants and microorganisms) Complex samples containing biological fnaterial and/br ' 
degradation products including but not limited to such as food stuffs' like beverages, dry 
foods, and the like (including but not limited to quality control, for' detection of unwanted ? 
microbial growth, freshness, physical damage), as well as the "control of environmental A 
samples for microbial flora (including but not limited to microbial content and *compbsiti6n)r ' 

2u pollutants and' their bfi^akdbwn products in air, soil and water, samples" ^FhLs strategy and 
assays based on it could also be used for mohhdriWgTefmehtation processes, including touta 
nof limited to yogurt, beer, wme and the lilce, broths'; 'as well as: in fermentation processes 
inwhich products are produced sucH : as "bioiogieaT^compdundsj^prod^ced iby microbial 
processes, such as insulin from genetically engineered bacteria and the like, as well as 

25 condiments made' for seisohirilg and Ihe like; "as well r TermentatioiY 4 processes ^ used <i in the: 
production of animal food stuff's • ;? iV , . 

Current diaunostic testing approaches used to determine the general state of health such as 
hemagloblin, blood pressure a.nd the like give only limited information Arid'while these 
tests provide useful information as "to the general* state of health, they do not provide 
i<> adequate information to identify diseases nor are they sensitive enough to detect subtle 
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changes required for early disease detection There is a need, therefore, to develop new 
strategies for the identification of disease states which provide information as to which class 
of ailments the patient is suffering in order to reduce the number of specific tests which 
must be performed. 

Another object of the invention is to provide a strategy and assays for improved techniques 
to monitor the general state of health to assist efforts in identifying ailments early on thereby 
allowing treatment to begin at an earlier stage than would have been possible Otherwise 
The early treatment of disease has been shown to reduce health care costs This strategy 
would a|so be useful in preventative health care schemes A similar situation exists in food 
stuff .and environmental testing. 

This diagnostic strategy based on the use of ..discrete recognition elements with broad 
recognition specificities combined with computer based artificial neural network data 
analysis can also be used with discrete synthetic biomimetic recognition elements with 
appropriate specificity (signal to noise) These could be made from modified biological 
material or from polymeric materials by conventional templating techniques and the like 
This embodiment of ; the invention would be especially useful in applications requiring assay 
condiuonsjhat would destroy or dramatically reduce the binding affinity and/or specificity 
of conventional biological sensing elements including but not limited to organic solvents, 
high or low temperature, acidic.or basic solutions and salts. 

These detection techniques demand highly reproducible., high , density jmmotohzation 
methods for.fbt surfaces .such as silicon; wafers or ,flat glass. Other surfaces compatible with 
these detection techniques, including . but; not; limited, to : plas.t|c. silicon, mica and glass 
surfaces in both metal coated or ,uncoated. : .Standard immobiHzanon protocols, resulted in 
poor- overall reproducibility, ; due to .inadequate signal ,,tQ noise ratios. ^A method was 
developed .that, allowed high density: immpbUization QFbjpmQl^u.les with high retenoon of 
biological activity while minimizing nonspecific binding assay The increased sensitivity and 
reduced nonspecific bindiim achieved increased the signal to noise ratio that was essential 
for this assay strategy We now believe that the nearly 100% surface coverage This 
prevents interaction directly with the metal surface, and provides an essentially homogenous 
interaction matrix, and maximizes surface densities. 
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The. strategy could be used Co discriminate complex samples froni other oriuihs including 
but not limited to, body fluids such as blood, serum, saliva, sputum, urine and the like , thus 
allowing complex correlations with known reference standards (using pattern recognition 
programs) Environmental samples such as air, soil, water and the like, food stuffs and the 

5 like as well as artificial substances for which appropriate sensing elements can be found* 
could be analysed using tins strategy, t.e appropriate signal to noise ratios can be obtained 
for the samples in question No analytical approach can currently exists which can 
discriminate samples as rapidly or as cost effectively An important object of the invention 
is the ability of the strategy tb take advantage of as.yet imknovyn recognition functions 

jo present in the recognition elements v . •;• . *, r; ; ... 

We have not made any attempt to identify the substances bound to the lectin arrays but 
various methods arc available to those skilled in the art ? of identifying biomolfecules 1 to 
perform this type of analysis While this is riot the primary aim of the invention, it may 
prove useful for understanding the nature of changes that have occurred that may assist in 

15 the development of therapies and/or the development of therapeutic drugs. In addition, any 
recognition element which exhibits the characteristics required by this assay strategy, 
including but not limited to biomolecules such as proteins, lipids, carbohydrates and nucleic 
acids, modified biomolecules, such as genetically engineered, chemically modified, and the 
like, as well as synthetic molecules used in molecular recognition,? such ns>,ay?clode\trans; 

20 templated and imprinted polymers and the like, may also, be us<?d in this regirne ^, 

Another object of the invention is the combined .approach used, to, immobilize the 
biomolecules and included special surfaces (gold), hydrophobic thick-film patterning, self- 
assembling long chain thiols with terminal carboxyiic acid groups and an empirically 
determined EDC/NHS immobilization protocol While all of these' have been j used 
25 individually, no immobilization protocol .exists which < combines these various, techniques 
into a single unified protocol 

Numerous patents have been disclosed which employ a wide range of biological sensing 
elements for diagnostic and therapeutic purposes, such as WO 95/29692, WO 95/15175, 
WO 95/28962. WO 95/07462, Canadian patent 2,133,772, US patent 4.289,747 US patent 
M) 4,389,392. US patent 4,298,689 and WO 95/26634 All of these inventions use the unique 

' " ; . /!: r ! 7 ;• 
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specificiix of some sensing element, be it an antibody or a lectin, to identify a single disease 
(or groups of highly related diseases) Great attempts' are made 'to increase the specific 
reaction and reduce the nonspecific reactions, in strong contrast to the invention described 
here 

WO .patent 92/ 1 9975 describes a method , for labelling glycoproteins with a fluorescent 
molecule in a complex mixture using a carbohydrate specific labelling reagent This mixture 
of labelled proteins is separated and the banding pattern analysed using pattern recognition 
techniques . . ■ . 

Our invention has several advantages over this .invention , First, no separation : steps are 
involved which reduces the time, labour, cost and complexity of the .assay. Second, no 
recognition elements ; are, used, limiting, the flexibility of the assay Third, since no 
recognitipn.-elcments are used the analysis of known or unknown binding functions is not 
possible And finally , the assay cannot be expanded which restricts the ability of the assay 
to take full advantage of pattern recognition programs , 



Biii'iiestriptioi. uf.itbc drawings ; ■:..-<,<.■• 

Figure la Schematic overview of the immobilization procedure using 8 sensing fields. 
20 Figure lb Schematic Overview of the iimwbiHsation procedure using- 2x96 sensing 
Figure 2 Schematic of the fixed angle scanning ellipsometer. 
Figure 3, -..Chart of the. animal sera responses 
Fiuure 4 ■ - Cha'rt'of the human lie&ithy vs sick responses , ■ - > 



25 



Detailed description of the invention 

■ ■ • " . . - • • • • • ■: 
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LxampL 1 

"* ,:?r ' ; rv ' -;i.v \ • - •.. j :5 •■.!;.,' : 

Interfacing these biological sensing elements with the surface mass based optical imaging 

technology was very difficult Standard immobilization protocols resulted in poor overall 

reproducibility and lead us to develop a highly protocol which combines surface * 

5 patterning and immobilization technologies (Figurblj r The integrated assay format which 
combines 'thick' film surface patterning, self-assembling monolayers, efficient coupling 
chemistries and the biotin-strepfavidin The procedure employs * proprietary teflon based 
thick-film printing ink (Cel-linc. USA) tb pattern gold coated silicon- wafers on glass 
combined with self-assembling cafboxyl-terminated long- chain thiol alka'nes onto the 

in exposed gold surfaces Polished silicon wafers (Wack^r Chemie, Germany) of* glass were, 
coated with gold by evaporation as described (Marterissoh; J , Arwiit, 'H ; Inteptetation of 
spectroscopic ellipsometric data 7 oh protein layers 1 on 1 gold including substrare-layer ' 
interactions (1995) Langmuir 1 1 963-968:). These 7 surfaces were theft patterned with a 
proprietary hydrophobic coating using thick-filM 'technology (Cell-line, ' USA) The 

15 hydrophobic thiclc-ffrni patterning greatly simplified localization of the- various teagents 
which lead to a dramatic improvement in the overall reprodiicibili'ty of the assay: protocol r 
The wafers were sonicated in EtOH prior to Being treated -wWvHS-(CH2lfifi-€OOH;( 1 ;mM 
in EtOH) the surfaces were rinsed' with EtOIL theii' soiifcated in: EtOH? and finally rinsed i: 
auain in EtOH The surface was theri ^ctivatetl using NHS (0 2M) and EDC (Q 8M) Jn,t 

2(i distilled water for 60 min at room temperature Tb©rSurface was^uefly rinsed \vijh ; distilled 
water and blown dry with nitrogen gas?; Ammp-biotin (Molecular Pr^s,, ySA^^a§ 9dd^d 5>f 
( I mM in 100 mM carbbnatc buffer/ pH 8c5) and jnciibatedat jjoom ^ temperatur^for 60,min. 
After^briefly rinsing^ the surface \^ith distilled water ; 50 <.ug/w}& stt^ptayjdjn .(Molecular. 
Probes) in HBST (150'mM NaCl; 0 1% tweert 20 ancji 20 niM H>epes,pH 7 r 4> .gnd incubated 

25 30 minutes at RT 1 The surface was washed andt 50 ug/mli, (diluted in HB5T) of^the 
biotinylatedbioiVvolccule of choice was applied tplhe appropriate and incubated fpr 6Q min 
at RT 1 'Aniovervtew is shown iiVfigure V v : « • : p // r r t - , ». s *. v 

Another object 6f the ^ invention is'tiie tombiiied approach used to : irtimobilize ; th^ 
biomolecules and included special surfaces (gold), 'hydrophobic thick-film patterning; s&f- 
M) assembling long chain thiols with terminal' carboxylii: acid groups and an empirically^ 
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detcrmined EDC/NHS immobilization protocol While all of these have been used 
individually, no immobilization protocol exists which combines these various techniques 
into a single unified protocol. 

The immobilization procedure was empirically optimized by quantitating the amount of 
5 radiolabelled .s.treptavidin or human serin, albumin SA and HSA were radiolabeled using 
the S w . protein labeling reagent (SLR) according the manufacturers recommendations 
(Amershm UK) For the double, labeling HSA was firs.t lightly labeled with biotin. 
dialyzed and subsequently with SLR: Labeled protein (usually, 10 7 cpm/ug protein) was 
diluted with unlabeled. protein and, added to the wells The amount of material immobilized 
in was quantised .using a, Fuji Phosphorimager . The protocol was highly reproducible in=10, 
S.D-5%). Surface density ;Calculations^nd I other evidence indicate that SA is present as a 
tight monolayer on the ; .surface v:AFM as well as ellipsometric experiments indicate the 
surface is extremely uniform In, addition, we have calculated the SA packing density to be 
60.000 SA/mni 2 using thei radiqlabelling data This : is ( 20% higher than the theoretical 
1 5 packing of.5O.O0O.SA/mm 2 and can be accounted for by the roughness of the gold surfaces 
used in these experiments A' gold corn size of 20 nm (determined from atomic force 
microscopy, of. the surfaces) corresponds,,to ; .an.accessible area of . .70.000 S A/ram 2 . The a 
highly, reproducible immobilisation, is absolutely required. in order to achieve adequate assay 
reproducibi!ity:andfor'snidy^ ,. ... .. 

2<t This protocol Was used to patfe'm an array of eight bibtinylated lectins:; canavalia ensiformis; 
bandkr'aea simplicifolia bS^raraclrts hypogaea; phyt6!acca,americana, phaseolus .vulgaris.: 
pha-e.'artocarpuriniegrifoiia.'triticu'nV vulgaris,: pisum satr/u^:. . Pooled, sera; fromrSJieep.,,;; 
CtoatV'SwftiVahtf Humah-.(DAK6?Oanmark) were 'dilute*;! ;4 in HBST and .5 pi. was added., 
to each well After 'an overnight Incubation at 4"C; the samples were washed > with 'buffer, 
25 and then briefly 1 with distilled* water (to remove excess -salts which disturbed !l the. ; 
ellipsometric measurement s)7 the samples- were theh placcd -on t he- XY.. stage of a scanning 
fixed angle ellipsometer which was build at the Laboratory of- Applied Physics (An* in: H 7 
Lundstrojiv i L Surface oriented opticaLmethpdsJpr biomedical analysis. (1988) Method in 
Enzymology 1 37,366-38 1 ; . Jin. -G;, TengyaI|^,.P ., , Lundstrom, I.. Arwin, H (1995) 
W Applications of imaging ellipsometry for antigen-antibody binding studies (1996) Analytical 
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Biochemistry, iti press); The apparatus .consisted of a 670 nm diode laser (Melles Grtol; 

Sweden) equipped with an aperture, porarisers and a multi-ordet quarter-retardation plate.' 

arranged in such a way that plane polarized light felVon the" sample ^surface*! an appropriate 

angle The' reflected light was measured I using a photodiode A computer was used to 
5 control the position of the sample and to store data obtained from the photodiode The size ' 

of the light spot from the laser was in the order of 1 mm 2 , thus 1 defining the maximum 
resolution The distribution and amount of proteins adsorbed on the surface c'ould'th'en'be f 
evaluated or visualized by scanning the sample The equipment allowed for scart areas up to" 
20x20 mm with a resolution of lip 'to 200x200 -pixels. The experimental ^arrangement is 
to schematically shown' in flgufe 2 the raw values obtained from, the experiments were >.-, 
treated with the image analysis program Transform (Spyglass, U S A;) op. NUT Image, to ! 
quantitate the data 0 ' " "'" ° ; ' 1 : * : ' 

The data obtained from one such experiment is shown in figure 3 This data was input into 
a three layer artificial neural network consisting of 8 nodes corresponding to the 8 lectins 
15 In the first run. the untreated raw data was input and training quickly lead to convergence, 
that is to say the net was able to discriminate between the sample 



Example 2 

In these studies, sick vs healthy human serum samples were analysed using the same array 
20 of eight biotinylated lectins canavalia ensiformis, bandeiraea simplicifolia BS-1. arachis 
hypogaea, phytolacca americana. phaseolus vulgaris pha-e, artocarpus integrifolia. triticum 
vulgaris, pisuin sativum In this case, unpatterned gold (50 nm thick gold evaporated by 
sputtering) coated glass (0 3 mm thick glass) surfaces were prepared essentially as described 
above up to and including the coupling of amino-biotin. The surfaces were then inserted 
25 into the BIAcore from Pharmacia Biosensor The running conditions were 2 ul/min. at 
25"C and the running buffer was HBST The binding of the SA and biotinylated lectins was 
performed by sequentially injecting 4 pi of a 50 ug/ml solution of each 
The human sera were obtained from the Infectious Diseases Department at Lunds 
University Hospital The reference sera were taken from healthy volunteers (20 
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individuals) The. sick sera samples (8 individuals) all been identified as having clinical 
bacterial. infections .The sera were diluted 4:1. with HBST and 30 m! was injected. After, 
completion of ( the, jnjection, a value was ; taken in reference units (RUs) The surface was 
regenerated down to. the biotin by injecting regeneration solution SA and biotinylated 
5 lectin were then injected sequentially to begin the next binding study This process was 
repealed. ,until all of the serum samples had been analysed by all eight lectins The results 
from one such experiment are.. shown in figure 4. Seven out of the eight sick individuals can 
be clearlv identified as sick when compared with the healthy reference serum samples 

We originalJy intended to use antibodies fo; these studies. However, we were unable to find . 
in monoclonal antibodies within 'appropriate combination of affinity and specificity This 
could be due ;o :he screening procedure used to select these anybodies or possibly due to 
suppression of broadly cross-reacting antibodies 
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Claims 




1 A method for discriminating complex biological samples using an array of discrete 
biological sensing elements immobilized onto a solid support inwhich constituents 
bound to the sensor array is directly determined by measuring the mass increase on the 
surface; data analysis of said method is performed using netiral 'network of statical based 
pattern recognition techniques 

2. A method for discriminating complex biological samples using an -array of discrete 
biological sensing elements immobilized onto a ' solid* support and testing the liquid 
sample for the presence of Soluble constituent(s) comprising Contacting said sample 
with said sensor array under conditions wherein said sensing elements permitting 
binding of constituents in . said sample; if any are present; removal of substantially all 
unbound sample constituents; the direct detection of said bound constituents by 
determining the mass increase of said components on the surface; comparison of said 
mass increase data of said sample with a reference standard using pattern recognition 
software. • l? ' ! ; 1ji --* :/ - : - "• V" :;T ' S -^\.^ J . •'■ ^ * 

: . ■ ■ tl ' : -■*»:• « f - „ • .... . . .- ■ 

3 The method of claim 2 wherein said sensing element is selected from a group consisting 
of, antibodies, lectins, nucleic acids, carbohydrates, genetically modified derivatives and 
combinations and gradients thereof 

t .r>: a: Aiiu. .in;*-.. ; L.y H «© ^ ■ ,•;..> oj 5 ;? 1 : ■ 

4 (The method in claim 2 -wherein said sensing, element is of nonbiological origin but is 

endowed with biological-like recognition selected from the group consisting of 
cyclodextran and derivatives thereof roxane and derivatives thereof, templated or 
iitipnnted poVyiiftcrs'to^ ^ - ; ' • 
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5 The method in any of claims 2 to 4 wherein said immobilization procedure combines the 
use of gold surfaces, long chain thiol alkanes with terminal activatable groups, 
hydrophobic/hydrophilic patterning. EDC/NHS coupling amino-biotin and streptavidin 

5 6 The method in any of claims 2 to 5 wherein said solid support is selected from the group 
consisting of silicon, glass, mica, plastic, platinum, silver, copper, gold and combinations 
thereof 



7. The method in any. of claims 2 to 6 wherein said surface mass increase detection 
o techniques arc : . selected from the group consisting of quartz crystal microbalances. 

o'ptcauc;ost!cs,.reflectometry. ellipsometry, SAW and surface plasmon resonance. 

8. The method in any of claims 2 to 7 "wherein said surface mass detection is performed in 
imaging mode with a CCD camera. 

9. The method of diagnosing a disease, said method comprising the method in any of 
claims 2 to 8, wherein said mass increase pattern is diagnostic of the disease, said 
sample is a patient sample and said standard is the pattern present in an individual 
without said disease. 

20 , 

10 The method in claim 9 wherein said patient sample is a human or animal, tissue or bodily 
fluid, selected from the group consisting of blood, serum, urine, milk, sweat, exhaled air, 
skin, b^ne marrow. cWebrospinaffiuid; synovial fluid, amniotic fluid drid lymphatic fluid. 

25 11 The method in claim 9 wherein said disea^ is ^c^^frpm t^e groim consisting of 
genetic disorders, autoimmune diseases, arthritis, infectious diseases, cancer, heart 
disease, drug abuse and lung disease 
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12. The method of diagnosing the general state of health, said method comprising the 



method in any of claims 2 to- i'l I wherein said mass, increase pattern is diagnostic -of a 
particular state of health, said sample is a patient sample and said standard 1 is the pattern 
present in a representative part of the population. - 



13 The method in claim 12 wherein said general state of:heaith is selected from common 
mild ailments and/or health conditions with diffuse symptoms, consisting of high biood 
pressure, pregnancy, common colds, injuries; inflammatory reaction's, mild immune 
suppression,', doping, altitude sickness, space sickness itihrbnic' fat i'gue syndrome/ and 
effects of low level toxic chemical or -radiation* exposure,- menstrual . cycles, and 
subclinical infections 



14 The method of identifying an organism, said method comprising the method in any of 
15 claims 2 to 8, wherein said mass increase pattern is unique to a particular organism, said 

sample is a biological sample from a particular organism and said standard is the pattern 
normally found in that organism. 



15 The method in claim 14 wherein said biological sample is tissue or an extract selected 
20 from the group consisting of animals, microorganisms, fungi, viruses, bacteria, plants 

and protozoa 



16. The method of identifying samples contaminated with toxic compounds, said method 
comprising the method in any of claims 2 to 8, wherein said mass increase pattern is 
25 diagnostic of contaminated material, said sample is a environment sample and said 

standard is the pattern present in an uncontaminated sample 
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17. The method in claim 16 wherein said environmental sample is the untreated or 
extracted sample selected from the group consisting of air t soil, water, rock, ice, plant, 
lichen, animal and food stuffs. 

5 18. The method in any of claims 2 to. 17 wherein said; sensing element array are lectins 
selected from the group consisting of canavalia ensifqrmis, bandeiraea simplicifolia 
BS-t arachis hypogaea, phytolaicca americana, phas^olus vulgaris pha^e, artocarpus 
integrifolia, triticum vulgaris, pisnm sativum. 

19. The method in any of claims 2 to 18 wherein said the lectin array is expanded to 
10 include additional lectins or lectin-like sensing elements and/or used in combination 

with other biological sensing dements. . 

20. The method in any of daims2to8 whOTin^d sensing elen^nts are used in g^adiente 
in pure and mixed formats and in any combination thereof. 

21. The method in any of claims 2 to 18 wherein said bound constituents are isolated and 
15 used as diagnostic tool, to farther die understanding of the disease or to develop a drug 

or therapy to treat an ailment identified by the said method. 
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